Background-Few studies have examined associations of fish consumption with ischemic heart disease (IHD) risk among older adults or how different types of fish meals relate to IHD risk. Methods and Results-In a population-based prospective cohort study, usual fish consumption was ascertained at baseline among 3910 adults aged Ն65 years and free of known cardiovascular disease in 1989 and 1990. Consumption of tuna and other broiled or baked fish correlated with plasma phospholipid long-chain n-3 fatty acids, whereas consumption of fried fish or fish sandwiches (fish burgers) did not. Over 9.3 years' mean follow-up, there were 247 IHD deaths (including 148 arrhythmic deaths) and 363 incident nonfatal myocardial infarctions (MIs). After adjustment for potential confounders, consumption of tuna or other broiled or baked fish was associated with lower risk of total IHD death (P for trendϭ0.001) and arrhythmic IHD death (Pϭ0.001) but not nonfatal MI (Pϭ0.44), with 49% lower risk of total IHD death and 58% lower risk of arrhythmic IHD death among persons consuming tuna/other fish 3 or more times per week compared with less than once per month. In similar analyses, fried fish/fish sandwich consumption was not associated with lower risk of total IHD death, arrhythmic IHD death, or nonfatal MI but rather with trends toward higher risk. Conclusions-Among adults aged Ն65 years, modest consumption of tuna or other broiled or baked fish, but not fried fish or fish sandwiches, is associated with lower risk of IHD death, especially arrhythmic IHD death. Cardiac benefits of fish consumption may vary depending on the type of fish meal consumed. (Circulation. 2003;107:1372-1377.) 
F ish consumption is inversely associated with fatal ischemic heart disease (IHD) and arrhythmic death, consistent with prevention of fatal arrhythmias by long-chain n-3 polyunsaturated fatty acids (PUFAs) in fish. [1] [2] [3] [4] [5] [6] [7] However, if cardiac effects of fish consumption are primarily related to effects of n-3 PUFAs, then associations may vary depending on the type of fish meal consumed, 8 as n-3 PUFA content can vary by an order of magnitude comparing fatty fish (eg, salmon) to lean fish (eg, catfish or cod). Additionally, the preparation method (eg, frying) may markedly alter the fatty acid content of a fish meal. 9 However, little is known about relationships of different types of fish meals with IHD risk.
To investigate the relationships of different types of fish meals with IHD risk, we examined the associations of tuna/other fish consumption and fried fish/fish sandwich consumption with total IHD death, arrhythmic IHD death, and incident nonfatal myocardial infarction (MI) in the Cardiovascular Health Study (CHS), a prospective, population-based cohort study of determinants of cardiovas-cular events among persons aged Ն65 years. Few studies have examined relationships of fish consumption with IHD risk specifically among older adults, 3 a growing population at particular risk for IHD. Because cardiac effects of fish consumption may be primarily due to antiarrhythmic effects of n-3 PUFAs rather than effects on atherogenesis or plaque stability, our primary hypothesis was that consumption of fish meals higher in n-3 PUFA content would be inversely associated with IHD death but not nonfatal MI, whereas consumption of fish meals lower in n-3 PUFA content would not be associated with IHD death or nonfatal MI. 8 
Methods

Design and Population
The design and recruitment experience of CHS have been described. 10, 11 Briefly, 5201 men and women aged Ն65 years were randomly selected and enrolled from Medicare eligibility lists in 4 US communities in 1989 and 1990; an additional 687 black participants enrolled in 1992 were not included in this analysis because a food frequency questionnaire was not administered to these subjects at baseline. Each center's institutional review committee approved the study, and all subjects gave informed consent. We excluded 1216 participants with known cardiovascular disease at baseline 12 and 75 participants with incomplete data on fish consumption, which resulted in 3910 participants being included in the present analysis. At baseline, participants completed standard questionnaires on health status, medical history, and cardiovascular risk factors and underwent clinic examination, resting ECG, carotid ultrasonography, and laboratory evaluation. 10 -13 
Dietary Assessment
A picture-sort version of the National Cancer Institute food frequency questionnaire was administered at baseline to assess usual intake of "fried fish or fish sandwich (fish burger)," "tuna fish/tuna salad/tuna casserole," and "other fish (broiled or baked)" with 5 response categories that ranged from Ͻ5 times per year to Ն5 times per week 14 ; a semiquantitative picture-sort version was validated against 24-hour dietary recalls. 14, 15 Summary dietary measures, such as total energy intake, were estimated from the food frequency questionnaire using computer software. 16 Food and nutrient intakes, including fish intake, were adjusted for total energy using regression 17 ; values are presented for the mean population energy intake (1820 kcal/d). As a biomarker of n-3 PUFA content, we evaluated correlations of fish intake with plasma phospholipid eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) in 56 participants. Combined EPA and DHA levels correlated with tuna intake (Spearman correlation [r]ϭ0.35, PϽ0.01) and other fish intake (rϭ0.59, PϽ0.001) but not fried fish/fish sandwich intake (rϭ0.04, Pϭ0.78), consistent with lean types of fish typically fried (eg, cod and pollock).
Events
Events were identified during annual examinations and interim 6-month telephone interviews, with review and adjudication by a centralized committee composed of internists using interviews, medical records, death certificates, medical examiner forms, and Health Care Financing Administration hospitalizations. 18 MI was classified using chest pain, cardiac enzymes, and ECGs. Suspected cardiac deaths not meeting all criteria for definite MI were classified as coronary heart disease death if they occurred within 72 hours of chest pain or with an antecedent history of IHD. Mechanisms of fatal cardiac events were also adjudicated using the above records, with mechanisms including primary arrhythmia (within 5 minutes of symptom onset), secondary arrhythmia (preceding subacute ischemic signs or symptoms without chronic heart failure), cardiac procedures, heart failure, and multiple or unknown mechanisms. The sensitivity and specificity of this classification for arrhythmic death were 93% and 95% compared with Hinkle classification. Our primary outcomes were total IHD death (combined fatal MI plus coronary heart disease death) and incident nonfatal MI. To investigate associations of fish consumption with fatal arrhythmia, we also examined the subset of arrhythmic IHD deaths.
Statistical Analysis
Cox proportional hazards models were used to estimate risk, with time from study entry until first event, death, or June 30, 2000. To assess for confounding, prespecified covariates included age, gender, and diabetes. Other characteristics were added, both individually and in groups, based on clinical interest or appreciable change (Ϯ5%) in the hazard ratio (HR) associated with fish consumption. Tuna and other fish consumption were correlated (rϭ0.37, PϽ0.001), and associations of each with risk were similar to associations of tuna/other fish intake combined. Tuna and other fish consumption were therefore evaluated together (combined correlation with EPAϩDHAϭ0.55, PϽ0.001). Fried fish/fish sandwich consumption was modestly correlated with tuna/other fish intake (rϭ0.11, PϽ0.001) and was evaluated separately. Tuna/other fish and fried fish/fish sandwich consumption were evaluated as categorical variables (Ͻ1/mo, 1 to 3/mo, 1/wk, 2/wk, Ն3/wk). Associations with baseline characteristics were evaluated using regression. Likelihoodratio testing was used to assess for effect modification. Analyses were performed with Stata 7.0, using the updated CHS database incorporating minor corrections through April 2002. All probability values are 2-tailed.
Results
Mean fried fish/fish sandwich and tuna/other fish consumption were 0.7 and 2.2 servings per week, respectively. Tuna/other fish consumption was associated with younger age, female gender, white race, and higher education, whereas fried fish/fish sandwich consumption was associated with nonwhite race and lower education ( Table 1) . Tuna/other fish consumption was generally associated with a more favorable cardiovascular risk profile, although both were associated with higher LDL cholesterol. Tuna/other fish consumption was inversely associated with saturated fat and beef/pork intake and positively associated with fruit and vegetable intake; fried fish/fish sandwich consumption was inversely associated with alcohol and fruit intake and positively associated with beef/pork and vegetable intake. Greater tuna/other fish intake, but not fried fish/fish sandwich intake, was associated with higher plasma phospholipid EPAϩDHA. Estimated dietary EPAϩDHA content of these fish meals is also shown, derived from US commercial landings and Department of Agriculture data. 19, 20 During 9.3 years' mean follow-up, there were 247 IHD deaths (including 48 primary and 100 secondary arrhythmic deaths) and 363 incident nonfatal MIs. After adjustment for age, gender, education, diabetes, and smoking, greater tuna/ other fish intake was associated with lower risk of total IHD death (P for trendϭ0.001) and arrhythmic IHD death (Pϭ0.001) but not nonfatal MI (Pϭ0.44), with 49% lower risk of total IHD death and 58% lower risk of arrhythmic IHD death with consumption Ն3 times per week compared with less than once per month (Table 2, model 1). Results were similar after adjustment for additional potential confounders or mediators, including body mass index, systolic blood pressure, serum lipids, C-reactive protein, and dietary factors (model 2). In contrast, greater fried fish/fish sandwich intake was not associated with lower risk of total IHD death, arrhythmic IHD death, or nonfatal MI but rather with trends toward higher risk ( Table 2) .
Further adjustments had little effect, including for recruitment community, race (white or nonwhite), income (Ͻ$25 000 or Ն$25 000 per year), diastolic blood pressure, heart rate, family history of MI, atrial fibrillation, selfperceived health (5 categories), physical activity, exercise intensity, carotid intimal medial thickness; use of aspirin, ␤-blockers, lipid-lowering medication, estrogen, and fish oil; fasting glucose and insulin, white blood cell count, fibrinogen, factor VII, and factor VIII; and estimated intake of total fat, polyunsaturated fat, carbohydrates, protein, wine, fried chicken or french fries, thiamine, vitamin A, and vitamin C. There was also little evidence that associations varied according to age, gender, smoking, or presence of diabetes or obesity (PϾ0.05 for each interaction), although power to detect such effect modification may have been limited.
Given prior literature suggesting potential threshold effects at modest fish/n-3 PUFA intake, 4,21 we also evaluated risks com-paring consumption at least once per week to less than once per week. After adjustment for potential confounders (as in model 1), consumption of tuna/other fish at least once per week was associated with lower risk of total IHD death (HRϭ0.73, 95% CIϭ0.56 to 0.96) and arrhythmic IHD death (HRϭ0.66, 95% CIϭ0.47 to 0.94) but not nonfatal MI (HRϭ0.92, 95% CIϭ0.73 to 1.16) compared with less than once per week. In similar analyses, consumption of fried fish/fish sandwich at least once per week was not associated with total IHD death (HRϭ1.11, 95% CIϭ0.81 to 1.53), arrhythmic IHD death (HRϭ1.15, 95% CIϭ0.76 to 1.72), or nonfatal MI (HRϭ1.15, 95% CIϭ0.89 to 1.49) compared with less than once per week.
We also evaluated risks associated with estimated dietary n-3 PUFAs from these fish meals. After adjustment for potential confounders or mediators (as in model 2), each 1 g/d EPAϩDHA was associated with lower risk of total IHD death (HRϭ0.58, 95% CIϭ0.38 to 0.90) and arrhythmic IHD death (HRϭ0.45, 95% CIϭ0.25 to 0.81) but not nonfatal MI (HRϭ0.89, 95% CIϭ0.64 to 1.22).
Discussion
In this prospective study, greater consumption of tuna or other broiled or baked fish was associated with lower risk of IHD death, especially arrhythmic IHD death, among older men and women without known cardiovascular disease. There are several potential explanations for these findings. Intake of such fish may be a marker for some other factor that reduces IHD risk; however, the associations persisted after adjustment for a wide variety of demographic, clinical, lifestyle, laboratory, and dietary characteristics. Given correlations of tuna/other fish intake with plasma phospholipid EPAϩDHA, as well as the inverse association of estimated dietary EPAϩDHA intake with IHD death, it is biologically plausible that the observed relationships are due to cardiovascular effects of n-3 PUFAs. [21] [22] [23] [24] Relationships of tuna/ other fish consumption and EPAϩDHA intake with IHD death persisted after adjustment for blood pressure, serum lipids, and clotting and inflammatory factors, which suggests that baseline differences in these factors did not entirely mediate these associations. Associations appeared strongest for arrhythmic IHD death and weakest for nonfatal MI, even with larger numbers of nonfatal events, consistent with in vitro and in vivo experimental evidence of antiarrhythmic effects of n-3 PUFAs, which decrease myocyte excitability and reduce cytosolic calcium fluctuations via inhibition of Na ϩ and L-type Ca ϩϩ channels. 21, 22 A primary association with fatal arrhythmic events also may explain in part why prior studies did not detect associations of fish/n-3 PUFAs with combined fatal and nonfatal IHD events. 25, 26 Consumption of tuna/other fish may also reduce IHD death through some mechanism unrelated to n-3 PUFAs; however, given observational, clinical, and experimental evidence, it is reasonable to assume that n-3 PUFAs may be the active factor or play some role in this association. We separately examined associations of fried fish/fish sandwich consumption with IHD risk, hypothesizing that intake of such fish (generally lean and not associated with n-3 PUFA levels) would not be associated with lower risk. We observed no associations (and even some trends toward higher risk) with fried fish/fish sandwich consumption. Although this may be due to low n-3 PUFA content of such fish, which are likely mostly lean fish, there are other potential explanations. Modest benefits of low n-3 PUFAs in such fish may be counteracted by ingestion of mercury from contaminated fish, especially lean freshwater fish, which may increase cardiovascular risk. 27, 28 Additionally, the preparation method may affect potential benefits: frying can greatly affect a fish meal's fatty acid composition, often markedly increasing the n-6:n-3 ratio. 9 Furthermore, trans-fatty acids and lipid oxidation products in fried fats/oils, especially oils used repeatedly for frying, may increase cardiovascular risk. 29 -31 To the best of our knowledge, this is the first study evaluating associations of fried fish/fish sandwich consumption with IHD risk in a large population. Our results suggest that consumption of lean fish prepared by frying does not reduce IHD risk; additional investigation is necessary to determine whether this novel finding relates to certain types of fish or to preparation methods.
Few prior studies have examined associations of fish consumption with IHD risk specifically among elderly persons. 3 Our findings in this large, population-based cohort of elderly adults (average age 72 years at baseline) suggest that diet may affect cardiovascular risk beyond the earlier development and progression of atherosclerosis in young adulthood and middle age. Modest dietary n-3 PUFA consumption alters myocardial cell membrane fatty acid composition (and arrhythmic potential) within 1 to 2 weeks 21 ; if benefits of fish consumption are related to relatively short-term antiarrhythmic effects of n-3 PUFAs, then effects may be gained (or lost) over relatively short periods.
Our analysis has several strengths. The prospective design and exclusion of persons with known cardiovascular disease at baseline reduce potential bias from recall differences or dietary changes due to known disease. The population-based recruitment strategy enhances generalizability. Standardized assessment of a wide variety of participant characteristics increases the capacity to adjust for confounding. Close follow-up, comprehensive review of potential events, and centralized adjudication reduce potential for missed or misclassified outcomes.
There are also potential limitations to our findings. Fish intake was assessed at baseline, and there may have been changes in consumption over time, which would diminish associations and cause underestimation of relationships of fish consumption with IHD risk. Additionally, residual confounding by incompletely measured or unknown factors cannot be excluded. However, given the magnitude of the observed associations, their independence from a wide variety of participant characteristics, and the consistency (for tuna/other fish intake) with results of previous studies, it seems unlikely that residual confounding entirely accounts for our observations.
Our findings suggest that consumption of tuna and other broiled or baked fish reduces risk of total and arrhythmic IHD death among older adults, consistent with prevention of fatal cardiac arrhythmias by dietary n-3 PUFAs and in support of recommendations of fatty fish consumption at least 1 to 2 servings per week. The absence of lower risk with fried fish or fish sandwich consumption suggests that cardiac benefits of a fish meal may vary depending on the n-3 PUFA content or preparation method; consideration should be given to these factors when one considers potential cardiovascular effects, as increasing consumption of all types of fish meals may not be beneficial. Continued investigation is necessary to further elucidate relationships and mechanisms of benefit and risk, with particular focus on different types of fish meals and on the pathogenesis and prevention of cardiac arrhythmias.
